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Figure 1.  Photograph of the dual-feed feed network with 
(90o) quadrature phase. 
 
Figure 2.  Photograph of the triple-feed network with 
sequential 120-deg phase shift at the output ports.
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Abstract—This paper presents a number of metamaterial-line 
based feed-networks for wideband circularly polarized (CP) 
antennas. These feed-networks were designed and fabricated 
using lumped-element integrated microstrip transmission-lines 
that were synthesized by using metamaterial transmission-line 
concept. Design examples for dual-fed, triple-fed and four-
element CP antennas are demonstrated. Excellent performance 
and reduced substrate sizes were achieved. 
I. INTRODUCTION 
It is well-known that the operation bandwidth, which is the 
overlapped bandwidth of impedance bandwidth and axial-ratio 
bandwidth, of circularly polarized patch antennas and arrays 
can be significantly improved by using the sequential rotation 
feeding technique [1]-[2]. The conventional phase offset is 
implemented by using a specific section of microstrip line to 
represent a phase delay. This phase delay occurs only at a 
particular (usually the center) frequency point due to its linear 
dispersion and positive phase velocity. Therefore, the operation 
bandwidth of multi-feed CP antennas and arrays are limited by 
the conventional transmission-lines, which is regarded as the 
right-handed transmission line (RH TL).  
With the advent of metamaterial transmission line, where 
lumped L-C elements are loaded on a conventional printed line, 
a negative phase velocity and a hyperbolic dispersion are 
implemented, which is known as the left-handed transmission 
line (LH TL) [3]-[4]. Metamaterial lines make use of 
combination of RH and LH lines that give ability to synthesize 
arbitrary phase response. A number of novel filters, phase 
shifters and power splitters were produced e.g. [4]-[5]. In this 
paper, we aim to present several wideband feed networks for 
CP antennas and arrays by using such design techniques. 
II. MULITI-WAY SEQUENTIAL FEED NETWORKS  
According to the design principle of the sequentially fed CP 
antenna [1], the dual-feed requires the excitation in equal 
amplitudes with quadrature (90°) phase at its outputs, whereas 
the triple-feed needs equal amplitudes with 120° phase-shifts at 
any pair of its output terminals in the frequency range of 
interest. In order to achieve equal amplitudes for excitation, 
microstrip Wilkinson power divider was used, whilst 
elementary cells consisting of series capacitors and shunt 
inductors in conjunction with small section of RH TL to realize 
the required phase(s) in each feed network. 
A. Two-way Feed Network with 90-deg Phase 
Based on the design guideline in [4], a dual-feed network 
for wideband CP slot antenna at 2.5 GHz is designed and 
fabricated, as shown in Fig. 1. The feed network exhibits equal 
amplitudes (±0.5dB imbalance) with a +90o phase shift (±10o 
error) at its output terminals from 1 to 4 GHz. 
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B. Triple-Feed Network with 120-deg Phase 
As the dual-feed network has single length constraint for 
the right-handed section of metamaterial line, the triple-feed 
network shown in Fig. 2 is more challenged due to the double 
constraint among the three line-lengths. It is interesting to note 
that the feed points of antenna element(s) must be predefined 
and satisfied with the design rule of sequential feeding 
technique. The three output ports in Fig. 2 were labelled as P2, 
P3 & P4 in clockwise direction. The even power is supplied via 
a V-connected Wilkinson power divider that connected to P1. 
Figs. 3 and 4 illustrate the excellent performances of the triple-
feed network. 
C. Four-way Feed Network with Rotated 90-deg Phase Shift 
In a similar design approach, a four-way feed-network is 
designed for a sequential 2x2 wideband CP array, as shown in 
Fig. 5. The MM-line based feed-network comprised of two 
wideband quadrature power splitters (QPSs) that connected in 
antiparallel to the outputs of a wideband balun. The current 
design has advantage of compact size in a square grid of 0.6λo 
at 2.5 GHz, and hence leads to a minimal insertion loss. Owing 
to page limit, the performances of the feed-network and the 
wideband CP array will be presented in the conference. 
 
III. SUMMARY 
This paper presents a number of metamaterial-line based 
feed-networks for wideband circularly polarized antennas. 
Unlike the conventional CP antennas/arrays whose operation 
bandwidth is limited by microstrip (RH) lines with low 
efficiency, the metamaterial-line made feed-networks exhibit 
wideband characteristics in compact size, and therefore leading 
to higher efficiency. 
REFERENCES 
 
[1] P. S. Hall, J. S. Dahele and J. R. James, “Design principles of 
sequentially fed, wide bandwidth, circularly polarised microstrip 
antennas,” IEE. Proc. H, vol.136, (5), pp. 381–389, 1989. 
[2] U. R. Kraft, “An experimentalstudy on 2x2 sequential-rotation arrays 
with circularly polarized microstrip radiators,” IEEE Trans. Antennas 
Propagat., vol. 45, pp. 1459–1466, Oct. 1987. 
[3] A. Lai and T. Itoh, “Composite right/left-handed transmission line 
metamaterials,” IEEE Microw. Mag., vol. 5, no. 3, pp. 34-50, Sep. 2004 
[4] C.H. Tseng and C.L. Chang, “A broadband quadrature power splitter 
using metamaterial transmission line,” IEEE Microw Wireless Comp 
Lett., vol. 18, pp. 25-27, 2008. 
[5] J. Zhang, S. W. Cheung and T. I. Yuk, “Design of n-bit digital phase 
shifter using single CRLH TL unit cell,” Electron Lett. Vol. 46, (7) pp. 
506-508, 2010. 
 
 
Figure 5.  Photograph of 4-way feed-network with 
sequential 90o phase shift at the output ports.  
 
Figure 3.  Return losses and phase shifts between output 
ports of the triple-feed network. 
Figure 4.  Isolations and power distributions of output 
ports for the triple-feed network. 
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